Introduction
he Human Leukocyte Antigen (HLA) is a highly polymorphic locus in the human genome with two major classes of I (HLA-A, HLA-B, and HLA-C) and II (HLA-DR, DQ, and DP) [1] . The HLA plays a key role in discrimination between self and nonself antigens in different aspects of the immune responses. It is effective against infectious agents, in autoimmune reactions, in organ or stem cell transplantation, and vaccine development [2, 3] . A Mendelian inheritance exists in HLA haplotypes from each parent. Thus, there are comparative studies on haplotype frequencies between different ethnics and races. Therefore, HLA typing not only provides a powerful tool for anthropological studies, but also a clear insight regarding the genetic relations and a degree of admixture within the populations [1, 4, 5] . Considering the extensive invasions and migrations assigned to Macedonians, Arabs, Tatars, Turks, and Mongols, Iran is a great mixed-race society of Caucasian and others [2] .
Phylogenetic analyses suggested that Iranians have HLA similarities with the Southwestern countries like Greek and Southern Europe countries like Italy [2, 6] . There are different ethnic groups among Iranian people, including Persian, Turk, Kurd, Lure, Lak, Turkman, Arab, Zaboli, Bakhtiari, Baloch, Zoroastrian, Jew, Armenian, Assyrian and so on [2, 4, [7] [8] [9] . The regional frequencies of HLA alleles have previously reported unusual racial variations in the Iranian population in Mashhad City, Iran [4] .
Gilan Province is located between the Caspian sea and Alborz mountain range in Northern Iran (Figure 1 ). Regarding a considerable distance between Gilan and the ancient race-mixing incidence, its population, known as Gilak, has remained pretty pure. To our knowledge, this is the first analysis report of HLA A, B, and DR alleles, and haplotype frequency among Gilaks. This could be part of addressing data gaps in the literature on all regions and races in Iran.
Materials and Methods
Blood samples were collected from 88 unrelated Gilak healthy donors, who were originated from Gilan, living in either Tehran or Gilan provinces. They had been registered in the HLA bank of Immunology, Allergy and Asthma Research Institute. The mean age of the study participants was 39.09 years (ranged from15 to 69 years). Blood samples (5 mL) were collected in EDTA tubes. DNA of each sample was extracted using DNA extraction kit (Roche, Basel, Switzerland).
HLA-A, B, DRB1 were typed in a two-digit format by Polymerase Chain Reaction with Sequence-Specific Primer (PCR-SSP) method using Olerup SSP kits (Olerup SSP, Stockholm, Sweden), according to the manual for low-resolution typing. Taq polymerase was purchased from Roche (Basel, Switzerland). The samples were amplified in thermal cyclers (SimpliAmp, Applied Biosystems, USA) according to the following procedure: Finally, the PCR products were analyzed using agarose gel electrophoresis on a 2% agarose gel and stained with safe green dyes ( Figure 2 ). Alleles were analyzed using the specific software provided by the Olerup company. The frequencies of A, B, and DR alleles, as the representatives of HLA classes I and II were determined using SPSS. The neighbor-joining dendrogram was drawn in R program =.
Results
In this study, HLA-A, -B, and -DRB1 percentages were 6.88(6.8%), 12.88(13.6%), and 7.85(1.17%), respectively. The most frequent HLA-A and -B alleles were *02 and *35, respectively. These alleles were detected in almost one-fourth of the samples (Table 1) . Although DRB1*11 was found in 14.1% of the individuals, it was not as common as A*02 and B*35 alleles.
The remaining alleles, including A*11 (17.6%) and A*03 (14.2%) for A, B*51 (12.5%) and B*52 (11.4%) for B, as well as DRB1*01 (13.5%), and DRB1*04 (11.8%), for DRB1, were also observed as the second and third common allelic expressions among Gilaks. Moreover, HLA-A*29, A*31, A*33, and A*66 (1%), HLA-B *44, B*73 (1%), and HLA-DRB1*12 (3.5%), were the least frequent alleles. The haplotype frequencies were obtained by calculating the linkages between some alleles using Arlequin (Table 2) It was performed to explore the probability of simultaneous expression in the observed alleles. The most common haplotypes forms belonged to A02:B35:DRB01 (9.1%). However, A68:B49:DRB14 (6.25%) and A11:B51:DRB04 (5.11%), were respectively observed as the second and third frequent haplotypes. Moreover, the remaining combinations did not have a considerable prevalence among Gilak ethnic group.
Discussion
We investigated the frequency of HLA-A, -B and -DRB1 alleles as well as the related haplotypes among Gilak population. The subjects were registered as unrelated volunteer donors by the HLA bank of Immunology, Allergy, and Asthma Research Institute.
Of the 88 sequenced individuals, HLA-A*02 (24.4%), -B*35 (26.7%), and -DRB1*11 (14.1%), were identified as the most frequent alleles (Figures 3 & 4) . This finding is similar in other Iranian ethnicities. However, there were also differences that were due to the integration of these races with other communities throughout the centuries. In most studies, HLA-A*02, -B*35, and -DRB1*11 were identified as the most abundant alleles in Iran [2, 5, [8] [9] [10] .
Iran has a distinguished geographic location and linked Europe and Asia by the Silk Road [2] . Although the origins of Iranians are Caucasian, different tribes have been settled down here through various migrations and invasions [2, 4, [7] [8] [9] . Comparing Gilak ethnic with other populations, and drawing the phylogenetic tree and corresponding analysis suggests that Gilak ethnic is in Gilan is a Northern province of Iran, surrounded by the Alborz Mountains in the south and the Caspian sea in the north. The presence of these natural obstructions has greatly hindered the combination of this ethnic with others. This is the fact that makes studying this ethnic attractive. HLA polymorphism studies of various Iranian populations reported numerous changes. For example, in some regions of Iran, another allele for HLA-DRB1 was reported as the most abundant allele. DRB1*15 in Mashhad [4] , DRB1*07 in Arabs residing in Khuzestan and Zoroastrians in Yazd [7] , DRB1*03 and DR2 in Baloch tribes residing in Sistan and Baluchistan province [9, 11, 12] , and DRB1*03 in Famoori Arabs residing in Fars province, have been reported as the most abundant alleles [12] .
Previous studies indicated that alleles of DRB1*08, DRB1*09, and DRB1*12 have the least frequency among Iranian ethnic groups [4] [5] [6] [11] [12] [13] [14] [15] . These studies are almost consistent with our findings regarding the Gilak race, except that HLA-DRB1*09 was not observed in any participant. In a study conducted in Mashhad, no alleles of HLA-DRB1*08 and -DRB1*09 were observed in any of the studied individuals [13] . Interestingly, HLA-B*40 and HLA-B*51 were reported as the most abundant alleles in the Baloch tribes and Yazd population of Iran, respectively [9] . A study was conducted on Iranian Zoroastrian immigrants to Karachi, Pakistan, and Gujarat, India. This migration has probably occurred after the Arab invasion in the 9th century. Like the Iranian population, HLA-B*35 and DRB1*11 were found as the highest frequent alleles [16] . A*02 was reported as the most common allele in the neighboring countries or countries with the Caucasian origin, such as Italy (0.254) [9] , Crete in Greece (0.255), Turkey (0.302) 1 , Pakistan (Baloch 0.135), and Morocco (0.178) [17] .
A high frequency of B*35 was found in Turkey (0.204), Greece (Crete=0.244), Italy (0.159) 1 , and Pakistan (Baloch=0.138) [9] . DRB1*11 has the highest allele frequency in Iran, Syria, Lebanon, and Jordan as well as the second most common allele in Turkey, the third and fourth in Austria and Tunisia, and the sixth in the Saudi Arabia and France. This allele is detected with minor frequencies in China and Korea [21] . The frequency of DRB1*11 in Iranian ethnics, including Charmahal and Bakhtiyari, Yazd, Mashhad, and Fars are 16%, 24.4%, 24.8%, 24.8%, and 25%, respectively [2, 4, 6, 18] . It is 2% in Scandinavian countries [22, 23] . In East Asian 1. http://www.allelefrequencies.net/ countries such as Japan, China, and South Korea, the frequencies are 2.9%, 4.4%, and 5.0%, respectively [24, 25] . This allele frequency in Eastern Europe countries including Slovakia [24] Bulgaria [26] , and Croatia [27] are 14.6% 16.4%, and 18.2%, respectively. While in Greece, Turkey, Spain, North India, Macedonia and Italy are 15%, 15.9%, 18%, 19%, 24.8%, and 25%, respectively [19, 20, [28] [29] [30] .
In this study, the most common haplotypes for HLA-A, -B and -DR were A02:B35:DRB01 (9.1%), A68:B49:DRB14 (6.2%), and A11:B51:DRB04 (5.1%), respectively. This finding was similar in most Iranian ethnics except Baloch ecthnic and the population of Yazd Province [2, 9] . The obtained data revealed similarities between neighboring countries, common origin, and Caucasians ( Figure 4 & Table 5 ).
HLA typing provides information for anthropological studies to identify autoimmune diseases. It also helps in planning for the development of unrelated donor centers for stem cell transplantation [3] . The association between the prevalence of Rheumatoid Arthritis (RA) in different societies and the frequency of DRB1*01 [31] is already well recognized. Moreover, the prevalence of DRB1*01 in the Gilak ethnic is remarkable (compared to other cities). Thus, it can be hypothesized that the prevalence of RA in this ethnic group is high. It is suggested that the epidemiology of RA be investigated in this ethnic and compared with other regions of Iran. The study limitations included the lack of funding and limited access to the samples. Determining HLA allele frequencies among different ethnic groups helps in planning more precise designs and developing stem cell donation centers. In addition, it can be beneficial for finding suitable donors for patients requiring stem cell transplantation. Despite some differences, there was a great similarity between the frequency of alleles of the Gilak ethnic and the rest of the Iranian population. Considering the high frequency of DRB1*01 allele in Gilak ethnic, it is suggested that the rate of this allele be investigated in terms of rheumatoid arthritis in this ethnic group.
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